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THERMAL CONTROL CHARACTERISTICS OF
A DIFFUSE BLADED, SPECULAR BASE LOUVER SYSTEM

Movable shutters or louvers are an active means used for spacecraft
thermal control. A louver system consisting of diffuse, low-emissivity,
movable, parallel blades and a specular, high-emissivity base is analyzed.
The analysis considers the solar radiosity to be different for distinct
basic areas on the diffuse blades. These basic areas are due to only
partial solar impingement of the blades. From the analysis all appli-
cable heat transfer characteristics are derived for all possible solar
angles and blade opening angles. A comparison of the results of this
anlaysis with that of the presently used specular blade diffuse base louver
system shows that this new configuration has the capability of dissipating

“eight times as much heat as the present system in full sunlight for one
particular blade and solar angle(l). The minimum blade temperature will
be about 200°R less for the diffuse bladed system because of the elimina-
tion of the multiple specular reflections of the sun's energy by a
specular blade. The results are presented graphically for a base tempera-

ture of 530°R(21°C).

1) Buskirk, D. L., "Thermal Characteristics of Specular-Diffuse Temperature
Control Systems in a Solar Space Environment,' Ph.D. Thesis, October,

1967, West Virginia University, Morgantown, West Virginia.




ASSUMPTIONS

In order to facilitate the mathematical analysis of the diffuse

bladed specular base louver system the following assumptions are made:

Y

2)

3)

4)

5)

6)
7)

The blades form an infinite array so that edge
effects may be neglected.

Kirchoffs identity applies in both the solar and
infrared wavelength regions so that {4 =1 - /OS
andft=1-0(t=1-€t.

The radiosity of the blades and base are uniform
within defined regions of illumination.

The internal conductance of the blades and base is
infinite so that they are isothermal.

There is no conduction or convection between surfaces.

The blades are diffuse.

The base is diffuse emitting but specular reflecting.




METHOD OF CALCULATION

The incident solar radiation may illuminate a louver section directly,
after specular reflection, and after diffuse reflection as illustrated
in Figure 1. The amount of energy which strikes a surface is determined
by geometry. For example, in Figure 1, the points a, b, ¢, d, f and g
are easily located as a function of and the intercept of the suns rays
through these points with the y axis is found from simple algebra. The
images of points a, ¢, £, and g are denoted by primes while the images
of surfaces 1, 1', 1", and 2 are denoted by the addition of 3. The
direct illumination of surface number one is caused by a reflection from
surface number three. The illumination band will be from point ¢ to £

(Ai',) and the amount of energy striking area Ay', is:

Gy = 35(Ya - Yg) sin |&] (1)

. the amount of energy striking area A, directly is:

GAz = S(¥q - ¥p) sinle}, (¢3)

and the amount of energy striking surface A3 is:

GA3 = S(Ya - Yq) sin|é| 3)

where: G = the irradiation of a surface, watts (BTU/hr)
= the reflectance of a surface, dimensionless
Y = the position on thg ordinate, meter (ft)
S = the solar thermal radiation constant, 1393.4 W/M%,

(442 BTU/hr-£t2)

<>
]

the solar polar angle, degrees




Now that the direct solar illumination of the surfaces is known a
system of equations may be written for the radiosities of the surfaces:

Again with reference to Figure 1l: the radiosity of surface A} (b to g)

caused by sclar radiation is

“'ﬁiﬂhsxgv t gl"Fh*lh\ Ty @)
for Ay (d to g)
N, 35, = [’sa‘_@‘t YR Py Ss v R Ty S
B Fylay, Yoo b 0 Fumay, Xs,u—j (5
for Al" (c to f)
“"-SS‘ = FS|’iGL' + “lFLl‘ll)Ts ‘351 T ﬁ-1 FU‘"‘TS SS; +
ﬂ" F’Q-_lt\.rs Xsll + H.‘IF“Q,‘\T‘S Ksi" (6)
for Aqn (f to a)
gl"XSI" - f“”i&i“ + B FLI-I“\TSXS’ * ﬂa FL’-'.')T“XS"‘ }
Ay Pl Seat b B0 ‘:u"—f")rsxs.v]
@ -
where: F.. . = the total imaged view factor from surface i to j,
(i-1)T : X :
s dimensionless
Js = the radiosity of a surface caused by solar illuymina-

tion both direct and indirect, w/M2 (BTU/hr-ftZ)

A = the area of the surface, M2 (ftz)




The areas, direct illuminations, and view factors are known functions
of geometry and material properties. Equations &4, 5, 6 and 7 may be
solved for the solar radiosities of each area. Once the radiosities are
known, the amount of solar radiation absorbed by each area can be calcu-
lated from the following relations:

Qsl = odss It

Ps(

Qss > O(SBS;C"cn v H‘FL‘“T'\TSSSH + HQFLQ-:\rsXS:
¥ 9“F0’-ﬂrsxsn' voof Fereaire S (8)

where Qgi is the solar radiation absorbed by area i, W (BTU/Hr)
The terrestrial emittance characteristic of the system can be deter-
mined by solving the heat balance equations for each surface in the system:

for blade 1%, .
9,3_‘:.‘- {)-{lii'k].trTl Ry FB‘INT* L H'FL"‘\T* S{I

t ﬁzFuﬂ\T*S{;]' + “'G’E{'.Tu‘f €))

for blade 2,
< - Ve 0T, 0, F + R.F 3
Ay Sy, = f”t: t3 3 s Ta-ayrg, N SR R
-t
b oMo, Sa, v Mt T Le)
Since the blades are isothermal T; = T, and because the blades are
not a source or sink for heat, the energy emitted by them is equal to

the energy absorbed.

* Note the blade areas are equal A| = A, = ba (Figure 1)




b 4
RE T, o+

-~ ¥
Py, T, ® ”‘{S“‘F"“Texh F R Fear S, bagg o, Fb-.mj
Y
’“ﬁi“":b-a‘u'x{.* Ry Faonn, Sy, ¢ R 0Ty FL.,.Q,;—\

+ Qo ' Qssy

(11)

where

Qser = Qs + Qs + Qe

The equations (9, 10 and 11) may be solved for Jtl’ Jtz’ and T, .
The amount of emitted energy absorbed by each surface may then be

calculated by the following relations.

d )
Q&. = h—t KS-E. - E{n]

P, (12)
- AL 4 ~ -

Qy, = Fﬁim E'nl (13)

Qv = *h%‘-ﬂ»-xmxh L PR PR IRV "

14)

the net energy transfer at the base is,

4
Quers = MG,o Ty - (& + QL) (15)




RESULTS

The preceeding equations were solved by digital means for a louver

system having blade properties = 0.80,

¢ = 0.10, and base pro-
perties s. = 0.90, ¢ = 0.85. The base temperature was assumed to be
constant at 530°R (21°C). The chosen base temperature is typical of a
spacecraft requirement. The blade and base properties are representative
of a combination which is obtainable. The maximum calculated blade
temperature is 840°R (193°C). The system also has the ability to reject
heat in full sunlight (& = 0) at 530°R. This compared favorably to
the specular blade, diffuse base system which has maximum blade tempera-
tures of 1040°R (304°C) and a very low heat dissipation capacity in full
sunlight.
Notice that the blade temperature increased for solar angles from

¢ = 0° to ¢ = 30° while the heat rejection capacity decreased in the

same limit. However, due to the geometry of the system, the heat rejection

capacity begins to increase for any solar angle greater than 300, while

the blade temperature decreases.
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FIGURE 1 SCHEMATIC DIAGRAM FOR ILLUMINATION OF LOUVERS
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HEAT FLUX (BTU/HR-FT SQ)
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FIGURE 5 HEAT REJECTION CAPABILITY OF BASE SURFACE
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